Introduction
When a magnetic field is applied to the type-II superconductors in a superconducting state, the magnetic field penetrates into the superconductors above the first critical field H c1 , and is quantized in a unit of  0 (=h/2e=2.07x 10 -7 gauss . cm 2 ). This is a general view of magnetic flux (vortex) in the type-II superconductors as schematically drawn in Fig.1 (a) . The wave function of superconductivity  extends to the coherence length , and the applied magnetic field H is screened by the supercurrent in a range of the penetration depth of  from the center of vortex core. In this case, vortex has a core of normal state. In a lower magnetic field, vortices behave as isolated vortices. When the magnetic field becomes higher, interaction between/among vortices, vortices form "Abrikosov" vortex lattice in triangular or square distribution, which has been observed by scanning tunneling microscope (Hess et al. 1994 ) and small angle neutron scattering (Yethiraj et al, 1993) mainly in mettalic and intermetallic superconductors. High-temperature superconductors (HTSCs) also belong to the type-II superconductors. However, vortex state is quite different from that in conventional superconductors. This has mainly its origin in the layered crystal structures in atomic scale. The crystal structure of HTSCs is consisted of the Cu-O superconducting layers and the nonsuperconducting ones iteratively as shown in Fig.1 (b) . It causes a weak Josephson coupling between the Cu-O superconducting layers through the insulating layers in superconducting state. This leads intrinsically to the nanoscale Josephson junctions (JJs) in crystalline unit cells, and also induces a strong anisotropy of physical properties in HTSCs.
When the magnetic field is applied perpendicular to the superconducting layers of HTSCs, vortices in the superconducting layer distribute in a regular two-dimensional (2D) lattice of triangular or square as in the case of conventional superconductors. However, along the perpedicular direction to the layers, flux line is connected weakly to each other with pancake vortex in each layer. Vortices of HTSCs in the perpendicular field are called as pancake vortices (PVs) . In the parallel field, based on the layered strucure of HTSCs, namely, intrinsic Josephson junctions (IJJs) (Kleiner et al., 1992; Rapp et al. 1996) , vortices shown in Fig.2 (a) behave as those in the Josephson junctions artificially made of superconductor/ insulator/superconductor structure. In the JJs, Josephson vortex (JV) is formed in a characteristic state of vortex without normal state core (Bulaevskii & Clem 1991; Koshelev 2000) . JV is contracted along the direction perpendicular to the layers and extends to the direction parallel to the layers, depending on the anisotropy. Details are discribed in section 3.1. Even in the perpendicular field to the superconducting layers, HTSCs show distinguished features of PVs in the vortex state. The first-order melting transition of PV-lattice (Zeldov et al. 1995) , Bragg glass phase and vortex glass phase (Blatter et al. 1994 ) have been made clear experimentally and theoretically. In the parallel fields to the layers, magnetic field penetrates as JVs in a superconducting state of HTSCs. Theoretical studies have been made extensively from just after the discovery of HTSCs. Thermally-activated disordered vortex state, Kosterlitz-Thouless (K-T) transition in the smectic vortex state (Blatter et al. 1994; Balents & Nelson 1995) , new vortex phases and a change of a tri-critical point in the dimension of the melting transition (Hu & Tachiki 2000) and the K-T type phase and the melting of 2D quasi-lattice have been predicted theoretically Hu & Tachiki 2004) . However, JV system has not been understood well experimentally. The melting transition of the JV system (Kwok et al. 1994) , the oscillatory melting temperature (Gordeev et al. 2000) , and the vortex smectic phase have been found only in YBa 2 Cu 3 O 7- (YBCO). In strongly anisotropic HTSCs such as Bi 2 Sr 2 CaCu 2 O 8+ (Bi-2212), few experimental results have been reported on the magnetic phases of the JV system (Fuhrer et al. 1997; Mirkovic et al. 2001 ).
Most of the difficulties to study on JV system in experiments are considered due to a little change of physical parameters at the phase boundary. Shear modulus of JVs between the layers is very little and it is considered that a change in free energy is so small at the boundary to be observed by the experiments (Shilling et al. 1997 ). Recently we have found a new method to study the magnetic phases of JV system by using the periodic oscillations in flow resistance of JVs (Ooi et al. 2002) , from which we can deduce the configurations of JVs. This phenomenon is caused by the intrinsic boundary effect of the sample, related to the configurations of JVs (Ooi et al. 2002; Koshelev 2002; Machida 2003) . The magnetic phase, in which the periodic oscillations are observed, has been confirmed as a three-dimensional (3D) ordered vortex state. The periodic oscillations are observed independent to temperature and magnetic field, which is a universal nature of JV flowresistance. Then, it is useful for determining an absolute magentic field. In this chapter, experimental methods for observing the periodic oscillations and for fabricating the sample for the measurements are described in section 2, general view of vortex flow in section 3, magnetic phases in section 4, application of the periodic oscillations in section 5, and finally conclusion in section 6.
Experimental method
Single crystals of Bi-2212 were grown with a travelling solvent floating zone method (Mochiku et al., 1997) . The crystals have been cut and cleaved into the platelets with a thickness of about 20m and an area of about 5mm x 3mm. Samples for the focused ion beam (FIB) structuring were obtained by dicing the platelets into small pieces of a bar-shape with an area of about 50m x 3mm. The superconducting transition temperature (T c ) of the samples is about 85K. After four electrodes have been put on the bar by silver paste, IJJs have been fabricated at the center of the bar by using FIB as shown in Fig.3 (a) . Detailed fabrication is described elsewhere (Kim et al. 1999 ). In the inset of Fig. 3 (a) and Fig.3 (b) , a schematic drawing IJJ of the in-line symmetric type is shown used for four-probe measurements in the applied field H with ac (13 Hz:LR-700 AC resistance bridge) and dc current (Keithley 2400). Since the resistance of the IJJ part is 3 orders larger than that of the other part, we can measure the flow resistance of the IJJ part along the c-axis of the single crystal mainly as shown in Fig.3 (b) .
The samples have been aligned to the parallel field by measuring the flow resistance at constant field and current as a function of relative angle. When the field is close to parallel to the layers, JVs are in a lock-in state (Hechtfischer et al. 1997) , and they flow collectively parallel to the layers with a Lorentz force, which causes flow voltage and hence the flow resistance obtained. The mid point of the center of the plateaus in the flow-resistance obtained from both direction of scanning angle has been taken as a tentatively aligned position to the superconducting layers with a resolution of 0.005°. Refinement of the aligned position to the field has been made to show the maximum flow-resistance. Details of the JV flow measurements are also described in Ref. (Ooi et al. 2002) . Figure 3 (c) shows a typical curve of the flow resistance at 70 K. The flow resistance begins to oscillate periodically from below 10 kOe, reaches to its maximum at 20 kOe, and suddenly drops to zero at around 23 kOe. This drop is caused by the misalignment of the sample. When the magnetic component H c along the c-axis of the applied field H reaches to H c1 , then, PVs penetrate to the sample, are pinned at pinning centers (crystal defects), cause JVs pinning with cooperative phenomena, and reduce the JV flow-resistance. Refinement of the aligned position to the field has been made to show the maximum of the flow-resistance as large as possible in magnetic field. Then, the resistance reaches to saturate with a finite value after the maximum with increasing the parallel field. This angle is set as an optimum value for evaluating a magnetic phase of JVs. In section 5, for the application of the periodic oscillations to measure a magnetic field precisely, pair of modulation coils has been set to the both side of the sample in Fig.3 
Flow resistance of Josephson vortices
When vortices in superconductors are driven by the applied current perpendicular to the direction of magnetic field, the vortices flow by the Lorentz force in the direction perpendicular to the field and the current. Movement of the vortex core, which is in normal state, causes a dissipation and hence flow-resistance. The flow velocity is determined by the vortex states and also the superconducting media. Vortex states are related to the glass state, vortex-lattice state, for example. Superconductors have many kinds of imperfections; inhomogenity of the materials, defects (stacking fault, dislocations, etc), and impurities. These imperfections sometimes become pinning centers for vortices and the vortex states cause a flow-resistance (Tinkham 1975; Blatter 1994) . In HTSCs, PVs flow as to the vortex motion of vortices in conventional superconductors, although they have a variety of vortex phases. As HTSCs have a high T c , the vortices are easily influenced by the thermal fluctuation. Furthermore, PVs are weakly connected between the superconducting layers through the insulating layer, which causes a complicated dissipation. On the other hand, the motion of JVs in HTSCs is quite different from that of PVs. JVs are located at the insulating layer as shown in Fig.2 . They can easily move along the superconducting layers, but not along the perpendicular direction to the layers. This is so-called intrinsic pinning of JVs. For the applications of HTSCs to superconducting magnets, the intrinsic pinning mechanism is used to generate a magnetic field along the insulating layers.
Flow of Josephson vortices in HTSCs
Flow of JVs has been studied in artificially-made Josephson junctions. In principle, JV flows very fast close to the light velocity because of a very low dissipation without normal state core (Fujimaki 1987; Bulaevskii 1991) . However, there are many imperfections in real materials, which lead to the larger dissipation and reduce the velocity. In HTSCs, Josephson junctions are formed intrinsically, consisted of a stack of atomic scale layers as shown in Fig.1 (b) . In strongly anisotropic superconductors such as HTSCs, JV core is defined as Josephson length s, where  is the anisotropic parameter defined as  c / ab (London penetration depth ( ab and  c )) and s is the interlayer spacing of superconducting layers, as shown in Fig.2 (a). JV flow accompanies a movement of JV core, which causes a dissipation of the in-plane resistivity  ab and the c-axis quasi-particle tunneling resistivity c . Before discussing the flow resistivity  Jff of JVs, we define the crossover magnetic field as B cr = 0 /s 2 , following to the definition of Koshelev 2000, where JVs start to overlap and dense distribution of JVs form JV lattice as shown in Fig.2 (c) . B cr in Bi-2212 (= 500) is about 6 kOe with s = 1.5 nm. This value is relatively small compared to YBCO, which has a small value of  about 10 and has a crossover magnetic field larger than a few Tesla.
JV flow-resistivity  Jff is expressed as  Jff ~s 2 B/( 0 ( c +0.27 ab / 2 )) for the magnetic field B< B cr (Koshelev 2000) , where  c and  ab are the c-axis quasi-particle tunneling conductivity and the in-plane conductivity, respectively. In this magnetic field range,  Jff shows linear dependence to B and is proportional to the number of JVs. In the magnetic fields of B>B cr , estimated from the values in the last paragraph. Actually, the flow resistance increases linearly with magnetic field at lower magnetic fields, and shows a upward curvature at larger magnetic fields, which is the behaviour of the in-plane channel dominated flow resistivity (Koshelev 2000) . At near the zero magnetic fields, the flow-resistance shows a downward curvature, which is considered as pinning effects of surface boundary of the junctions and pinning centres intrinsically existed in the sample. At lower magnetic fields, the flow-resistance shows linear magnetic field dependence, and saturates to a finite value at higher fields, which suggests the in-plane channel dominates in Bi-2212.
Periodic oscillations in flow resistance of Josephson vortices
In Fig.4 , the JV flow-resistance of Bi-2212 was measured with dc current of 0.15 mA and the junction size of width 17.6 m, length 14.0 m, and thickness 1 m. From the size of the sample, this current corresponds to the current density of about 60 A/cm 2 . Figure 5 (a) shows current density dependence of the flow resistance of the sample at 70 K with the angle from the superconducting layers of 0.010 degree. Decreasing the current density from 60 A/cm 2 , it can be clearly observed that the flow-resistance starts to oscillate at lower magnetic fields around 6-7 kOe below around 8 A/cm 2 (0.020 mA), and the oscillations disappear at higher magnetic fields. At lower current density than 8 A/cm 2 , the oscillations become pronounced and the flow-resistance shows a maximum at around 40 kOe. The flow-resistance decreases from about 40 kOe, but still remains even at 70 kOe, which is the maximum magnetic field applied by the split superconducting magnet.
It is noted that the oscillations are observed only in sufficiently small current region. Figure 5 (b) shows an I-V characteristic of the junction size of width 18.0 m, length 16.5 m, and thickness 1 m at 65K. I-V curves are plotted in magnetic fields from 14 kOe to 16 kOe for every 20 Oe. Each curve is shifted by a 1 mV step. At the magnetic fields where the flow-resistance shows minimum, the nonlinearity of I-V curves becomes large and a kink structure is seen at around 30-50 A. The periodic nonlinearity corresponds to the periodic oscillation of the JV flow-resistance. In the current larger than 100 A, the nonlinearity disappears. The current 30 A corresponds to the current density of 9 A/cm 2 . Appearance of the periodic oscillations at 30 A (9 A/cm 2 ) is quite well to coincide with the value of 8 A/cm 2 in the last paragraph.
Figure 6 (a) shows a part of Fig.3 . (c), plotted from 15 to 18 kOe. The oscillations show quite constant periodicity H p even in this magnetic field. The periodic oscillations are reproducebly observed in a wide temperature range from (T c -3) to 4.2 K, and in a wide magnetic field range from B cr to close to B  , which will be discussed in determining magnetic phases of JVs. We have investigated the origin of the periodicity by measuring the flow resistance on several samples with different width w. The width w is defined as the sample size in the perpendicular direction to the magnetic field sown in the inset of Fig.3(a) . 3 m) , B (w=18.0 m) and C (w=31.0 m). The sharp fundamental peaks can be seen, which suggests that the periodicity H p is quite constant in a wide range of fields and over the samples. The small peaks correspond to the second harmonic waves, which are caused by a little distortion from the sinusoidal curves. In the inset of Fig.6 (b) , the position of the peaks is plotted against sample width (w). All the samples show a linear dependence to width (w) with a slope of 2, but not 1. The value of the slope is very indicative for the interpretation of the periodic oscillations. When the JVs are supposed to be uniformly distributed in the junctions above B cr , with increasing magnetic fields, JVs penetrate into each junction. Then, the increment of magnetic field (H 0 (w)) to put one JV per one layer is  0 /ws. Then, the slope 1/( 0 /ws) would be 1. However, the experiments show the value of 2. So, the slope is double of 1/( 0 /ws), and is rewritten as 2/( 0 /ws) =1/( 0 /2ws). This means that ,in a increment of magnetic field H p , one JV penetrates into every two-junctions.
The above experimental results can be explained by assuming that the lattice structure of JV system is triangular, and, at both sides of the sample, a surface barrier, Bean-Livingston barrier, for example, acts on the JVs' lattice. Figure 7 shows schematic drawings of the JV penetration into the junctions as (a) H p = n(H 0 (w)/2) and (b) H p = (n+1)(H 0 (w)/2), where n is the number of JV at certain magnetic field. Figures 7 (a) and (b) show the examples of JV system, in which the JVs are distributed in the ordered states, matched exactly with the size of the sample. In Fig.7 . (a) of flowing JV-lattice system, JVs enter from the right side and exit from the left side simaultaneously. Then, the total potential in the JV-lattice becomes muximum. The average velosity of JV flow and hence the flow-resistance becomes minimum. With increasing the magnetic field from this sistuation, additional JVs are forced to enter into the ordered lattice by the applied current. The JV-lattice can then move more easily because the total potential decreases due to the mismatching between JV-lattice and the width of the sample. The flow resistance becomes larger than that of the matching situation. When the magnetic field exceeds (n+1/2)( H 0 (w) /2), the JV-lattice starts to form the next matching state as shown in Fig.7 (b) . Therefore, it is plausible to consider that the oscillation period of the flow-resistance becomes half of H 0 (w). The effect of the boundary to the JV-lattice is crucial as shown in Fig.8 . Difference in the two main effective width w=|2lsin| shown in the inset of Fig.8 (b) acts to determine the beating period as a surface barrier to the flowing JV-lattice. The period H p is determined only by the effective width, which means that JV-lattice flows is strongly affected by the boundary ). The above mentioned interpretation can be applied to the I-V characteristics and the current density dependence of the oscillations in the magnetic fields qualitatively. When the surface potential is smaller than the energy of JV-system flowing with Lorentz force by the larger applied current, it is expected that the periodic oscillations would be smeared out. This is the speculation from the experimental results, but it was confirmed theoretically by analytical method (Koshelev 2002; Ikeda 2002 ) and numerical calculations (Machida 2003) .
As the periodic oscillations can be observed in a lower current density, it is considered that as a ground state the JV-system is in a triangular lattice at intermediate magnetic fields. We also have investigated the JV flow-resistance with changing the anisotropy  to confirm the effect of the anisotropy on forming a triangular lattice (Yu S. & 2007 . As this is related to the magnetic phase diagram of Bi-2212 described in the next section, we only mentioned here that the starting magnetic field H s of the periodic oscillations is inversely proportional to . This is also one evidence to prove the theories and the formation of triangular lattie.
Furthermore, the triangular lattice of JV system changes to the rectangular lattice with changing the sample size smaller and increasing the magnetuc fields & Hirata K. 2003 . The boundary magnetic field B TR between triangular and rectangular lattice is defined as B TR =w 0 /2 2 s 3 (Koshelev 2002) , which is also well coincided with experiments & Hirata K. 2003 . On contrary, it is useful to determine the anisotropic parameter from the JV flow resistance measurement directly. The periodic oscillations have a universal nature of JV-system in a strongly anisotropic superconductors, and hence can be applied to determine the magnetic phases of JV-system and the magnetic field precisely, which will be disccussed in section 4 and 5, respectively.
Magnetic phases of Josephson vortices
Magnetic phases of HTSCs have been well studied in the weakly anisotropic superconductors such as YBCO (Blatter et al. 1994 ). The first-order melting transition is one of the pronounced characters in HTSCs. In strongly anisoropic superconductors such as Bi-2212, theoretical approaches have been made extensively, but few experimental studies have been made due to the little change in free energy to confirm the phase boundary, as mentioned in the Introduction. One of the useful methods is to measure a flow resistance of JVs. This method is useful even in the vortex solid phase. In the solid phase, it is difficult to study the state because of that resistivity usually goes to zero due to the pinning effects from quenched disorder. However, a collective JV flow appears in the c-axis resistance even at low temperatures (Lee et al. 1995) . The periodic oscillations mentionend above is an indirect experimental evidence of forming a triangular lattice in JV system of strongly anisotropic superconductors, but is considered to be a unique experimental probe to confirm the 3D-ordered state in JVs. Therefore we applied this method to determine magnetic phases in Bi-2212.
JV flow resistance at lower magnetic fields
To determine magnetic phases in Bi-2212, we apply the JV flow resistance method. The magnetic field region, in which we can observe the periodic oscillations, is assigned to the 3D-ordered state of JV system. In the measurements, the effect of the PVs is crucial, which are easily excited thermally in HTSCs with a strong anisotropy. As PVs are also incorporated with the misalignment of the parallel fields to the superconducting layers. However, the effect is much enhanced at higher magnetic fields, and there is no need to consider about the existence of PVs at lower fields. Figure 9 shows a JV flow resistance of the sample (width= 17 m, length = 14 m and thickness= 1 m) as a function of the lower parallel field at the temperature close to T c (85K) with an ac current of 1.0 A. The periodic oscillations start at around 80.5 K, and are clearly seen from 80.0 K at 5.8 kOe, which is denoted as an oscillation-starting magnetic field of H s . This magnetic field H s corresponds to the boundary between a liquid state and a triangular lattice state. H s has little temperature dependence seen from Fig.9 . The boundary is almost independent of temperature. It is noted here that, at the temperatures without the oscillations in the flow resistance, the flow resistance increases proportional to the field and we can see a development of a hump shown as H h i n F i g . 9 . J u s t b e f o r e t h e a p p e a r a n c e o f t h e oscillations, the hump H h seemes to jump to the starting field H s of the oscillations with decreasing temperature. H h also appears continuously as a kink in the flow resistance at about 3 kOe independent of temperature at lower temperatures (not shown here). This value of H h is almost half of the starting field H s , and is considered to relate to the formation of the JV lattice with a half filling to the layers (Ikeda 2002) . As the half filling state is one of ordered state (Ikeda 2002) , the increment of the flow resistance will be stopped as indicated in the experiments, considering from the matching effect of the JV half filling lattice to the sample width. Fig. 9 . Josephson-vortex flow resistance as a function of the parallel fields at the temperature close to T c . We can find a hump, continuously connected to the beginning of the oscillations at 5.8 kOe with decreasing temperature.
JV flow resistance at higher magnetic fields
Figures 10 (a) and (b) show the flow resistance as a function of the parallel field at temperatures from 4.2 K to 80K on the same sample in Fig.9 . Below 20 K, we can obseve a constant period H p (H p =  0 /(2ws)) of the oscillations till 70 kOe. The flow resistance still increases in this temperature range. At intermediate temperatures from 30 K to 50K, it shows a maximum and decreases and becomes constant at higher magnetic fields. But at higher temperatures it increases again. The decrease in flow resistance at the intermediate temperatures is not caused by the misalignment of the sample as following. In the case of the misalignment about 0.03°, on which the results are shown in Fig.3 (c) , the resistance shows a maximum around 20 kOe and a sharp drop to zero at about 23 kOe. Incorporation of the PVs with the c-axis component of the field, JVs are easily pinned to the pinning sites, because of the strong pinning of the PVs at lower temperatures in Bi-2212 and of considering the free energy of the pinned JVs to the PVs (Koshelev 1999) . Decrease of the flow resistance after the maximum may be caused by a disordered state of JVs magnetically and thermally from the 3D-ordered state. Above 60 K, the pinning strength of the PVs in Bi-2212 is decreased, which can explain the increment of the flow resistance. Then, it is considered that, when the sample is close to the aligned configuration like this experiment, the finite flow resistance in the intermediate temperatures at higher magnetic fields is an intrinsic one in JV system. With increasing temperature and magnetic field, it is suggested that JV system changes from a triangular-lattice state to another one. The phase boundaries are drawn in Fig. 11 as a magnetic phase diagram of JV system. This may be considered as a magnetically induced transition at a constant temperature, and as a thermally induced transition at a constant field. In this state, JV system is not in an ordered state in 3D, along the c-axis or along the a-or b-axis also. This state may be in a 2D quasi-long-range ordered state suggested in Ref. (Hu &Tachiki 2000) . Further experiments should be made to make clear the phase diagram of JVs. The flow resistance increases monotonously with the periodic oscillations at lower temperatures with increasing magnetic field. With increasing temperature, the flow resistance always shows a maximum and decreases to a finite value in the flow resistance, in which the oscillations stop just before reaching to the finite flow resistance. To define the characteristic magnetic field H e , a criterion was taken at some magnitude of the resistivity in the amplitude of the oscillations. Reproducibility was confirmed several times with changing the angle between the superconducting layers and the magnetic field, which showed a few kOe as in experimental error. Therefore, this characteristic feature of the flow resistance at higher temperature is considered as an intrinsic behaviour in JV flow.
In Fig.11 , the phase boundaries obtained from the flow resistance measurements are shown. The magnetic field H e in Fig.10 (b) , indicated by the arrow, corresponds to the upper boundary of the 3D-ordered phase, which is defined as the magnetic field for the oscillations to be stopped. The boundary H e decreases steeply at the temperatures lower than 40 K, is saturated at about 50kOe, and suddenly decreases at about 75 K towards 0 kOe at T c . This means that the oscillations continue even in higher magnetic fields than 70kOe below 40 K, and JV system is in the 3D-ordered state below H e and above H s boundaries. It is noted here that H s is almost constant with temperature because of depending only on the anisotropy  and the samples width w.
Considering about the JV state in this magnetic field and temperature region, it is suggested that the JV state may really change from the 3D-ordered state to the other. In the flow resistance above H e , the resistance always decreases to a finite value after the periodic oscillations in the region B of Fig.11 , which may suggest that the JV state is in disordered along the c-axis, as the in-plane disorder causes an enhancement of the flow resistance with less effective potential barrier to the dynamical movement of JVs. With changing the angle between the layers and the magnetic field, little effect and the less systematic changes to the flow resistance were observed concerning on the decrement of the resistance. Then, we can get rid of the effect of the PVs caused by the misalignment in the higher magnetic fields. Then, the decrease of the resistance in this region may be caused by the excitation of abundant amount of pancake-vortex/anti-vortex pairs, thermally and magnetically, because the pinning force of the PVs is very weak in this magnetic field and temperature range far above the irreversibility region of the PVs. To study the JV state above/below the upper boundary H e , shown in Fig.11 as the region A/B, respectively, I-V measurements have been made. In Fig.12 , the power-law dependence to the magnetic field in sample A is shown as the exponent (T,H) of V=AI  , obtained from the I-V characteristics. In the figure, the data are plotted every 10 kOe, and are shifted in both sides at every magnetic field to see clearly. The measurements were made in the current range well below the critical current density of Bi-2212, in which the periodic oscillations can be observed in the region A. It shows a distinct change in (T,H) to 1.6 and 2.0 above 50 kOe, compared with those at lower magnetic fields. The change in  is well coincided with the magnetic phase diagram shown in Fig.11 .
Hu and Tachiki (Hu & Tachiki 2000) have studied on JV system, the first-order melting transition, phase transition between 3D ordered state and 2D QLRO (quasi-long-range ordered) state, and also the power-law dependence in K-T phase with Monte Carlo simulations. The region B in Fig.11 obtained from the present measurements is considered to correspond to the K-T phase in Fig.10 of Ref. (Hu & Tachiki 2000) . Temperature dependence of (T,H) is not explicitly shown in Eq.18;=1+Y/(k B T) of Ref. (Hu & Tachiki 2004) .
However, the behavior of the exponent (T,H) is inferred from the temperature dependence of the calculated helicity modulus Y with = 8 and 20 in Fig.10 of Ref. (Hu & Tachiki 2000) , which decreases with increasing temperature. Assuming that the behavior of Y in temperature is the same as that in a larger anisotropic value of Bi-2212, (T,H) decreases with increasing temperature. This shows a little different behavior from the experimental results. Furthermore, there have not been observed the oscillatory behavior of the melting transition and the first-order phase transition in the experiments on Bi-2212. It may need much more sensitive measurements than the present experimental set-up. Further experiments will be needed to make this JV state clear. We have tried to confirm the effect of the anisotropy  in the boundary with changing the anisotropy (Yu et al. 2005 (Yu et al. & 2007 . The tendency of the change of H e is a good indication to increase the doping level of carriers into Bi-2212, namely, decreasing the anisotropic parameter , which can be related to the weaker anisotropic superconductors such as YBCO continuously.
Application of periodic oscillations for magnetic sensor
With magnetic-field cycles, the flow resistance reproduces quite well in a wide range of temperature, in which the oscillations can be observed. However, with heating/cooling cycles at a constant magnetic field, the flow resistance shows an irreversible feature as shown in Fig.13 . After applying the magnetic field up to 20 kOe at 5 K with a zero-field cooling and confirming the periodic oscillations, for example, with increasing temperature, the flow resistance suddenly drops close to zero at about 50 K, even if a finite flow resistance can be observed at the same temperature and magnetic field with the zero-field cooling and magnetic-field cycles. This can be seen at every magnetic field where the oscillations can be observed. This may be closely related to the JV states, which have never been made clear before on the strongly anisotropic HTSCs experimentally. It has been theoretically discussed just after the discovery of HTSCs (Chakravaty et al. 1990; Blatter et al. 1994) , and recently with Monte-Carlo simulations (Hu & Tachiki 2004) . In the JV system, it is predicted that pairs of pancake vortex-anti-vortex are easily excited thermally. If these pancake pairs are excited in the JV system, they are easily pinned at the intrinsic pinning centers of Bi-2212, because this region belongs to the irreversible one in the magnetic phase diagram of Bi-2212 with the perpendicular field. However, the magnetic field, at which the flow resistance suddenly drops, cannot be seen in the temperature dependence of magnetic-field cycles at every temperature. There exists only a boundary between the regions on the periodic oscillations and of the finite flow resistance without the oscillations at high temperatures and magnetic fields . This boundary may correspond to the continuously melting transition (Hu & Tachiki 2004 ). In the field-cooling process, it is considered that these PV pairs are excited thermally at higher temperatures than the irreversibility temperature, they are frozen to the pinning centers with decreasing temperature, and the flow resistance does not show any sharp increment at low temperatures. Although there are still incomprehensive problems in the JV system, for the application, we have to avoid a temperature increase of the sensor higher than 50 K at 20 kOe, for example, as shown in Fig.13 .
Using a pair of small coils, we have measured the JV flow resistance. Figure 14 shows the results of the JV flow resistance measured at the main magnetic field H m with an interval of 20 Oe, an ac current of 1.0 A, and the size of the junction t = 1.5 m, w = 11.2m, l = 12.4 m at 70.0 K as an example. The period H p is obtained as about 900 Oe independent of temperature and magnetic field, which is well coincided with the calculated value H p as 924 Oe, considering about Josephson penetration length and the damaged width by the FIBfabrication of the sample . Fixing the field H m at 15.2 kOe, a modulation field H i was applied to measure a resistance change by the JV flow. The signal was directly obtained from LR-700 as a raw output voltage without any filters, which is shown in Fig.14 . To compare the magnitude of the flow resistance at 15.2 kOe of 70.0 K in Fig.13 with that in Fig.14 , it is just a bit smaller than that about 30 ohm. Carrying out the measurements of the flow resistance, we have recognized that the c-axis resistance becomes very sensitive in superconducting state. By the extra set-up of the coils to the normal measurements, it may cause some noise in the circuit of LR-700.
In Fig.14 , it is apparently seen that the signal is well scattered. This means that the JV flow velocity changes within less than 0.1 sec, because the measurements were made with the ac current of 13.6 Hz. This has been discussed by Machida (Machida 2003) . The JV flow is a dynamical effect, interacting to each other. And JVs go over the potential barriers at the both edges of the sample, which is one of the principal reasons for the periodic oscillations, while inside the sample edges JVs move almost freely accompanied with some dissipation by the quasi-particles (Koshelev 2000) . When we take a snapshot to see the behavior of the JV flow, there might be some distribution in velocity of JV-lattice flow. The velocity is determined mainly by the matching effect of JV lattice to the width of the sample (Machida 2003) . Making these noise characteristics clear, it may be effective to take a noise spectrum of the flow voltage, which will be developed and obtained near future. It is worth for being noted that the linearity of the flow resistance to H i is relatively good, which is shown as solid lines in Fig. 14. The solid lines were obtained with a square-root minimum fitting method. The slope of the line is calculated as 0.2568 ohm/Oe at 70 K shown in Fig.14 (c) , for example. The fitting line is considered to indicate average values in time at each field. And the measurement is easily improved to make averaging the voltage in the interval of a few second or longer. When we need to measure a high magnetic field precisely, we are usually using the magnetic field in a steady state; apparatus of nuclear magnetic resonance and magnetic resonance imaging, for example. It is also benefit for this magnetic-field sensor to put into the low T c superconducting magnets, as they are using at a liquid He temperature, and the temperature is very stable. Once if we make a calibration of www.intechopen.com the sensors at 4.2 K and a fixed magnetic field, we can get a precise control of the magnetic field within a T range.
Conclusion
In conclusion, we have measured JV flow-resistance on the in-line symmetric IJJs of Bi-2212 single crystals to study on the flow mechanism of JVs and on the dynamics of moving JVs. A pronounced feature has been found in the flow resistance. Periodic oscillations have been observed with sweeping the magnetic field parallel to the layers. The oscillations have been found in the wide range of the parallel fields larger than 6kOe and only in the smaller current region than about 10 A/cm 2 . The period of the oscillations is inversely proportional to the width of the samples, and it corresponds to adding "one" flux quantum per "two" IJJs. These results suggest that the JVs form a triangular lattice as a ground state, which is related to the commensurability between the sample width and the lattice spacing of JVs along the layers in the present experiments using small IJJs.
We have studied the JV states with measuring the flow resistance. From the measurements, we can determine the 3D-ordered phase of JVs, in which JVs are well ordered. This has been never determined with other methods in strongly anisotropic superconductors. Furthermore, by the measurements of temperature dependence of the flow resistance, we find a sudden drop in the resistance in the zero-field cooling&warming-up process. The sudden drop is explained by the thermal and magnetical excitation of pancake vortex/antivortex pairs, which is an intrinsic property of Bi-2212. The boundary of the excitation exists between 20-30K above 15kOe and above 30K at lower magnetic fields. This boundary limits the application of HTSC materials in the magnetic fields.
We also have characterized the JV flow device as a magnetic sensor to measure the flowresistance in Bi-2212 IJJs, using a remarkable feature of the periodic oscillations. The device has an irreversible character in temperature-cycles at high magnetic fields, which is caused by the thermal excitation of pancake vortex-anti-vortex pairs. Using a pair of small coils under high magnetic fields, good linearity of the flow-resistance was obtained to the internal field H i . There is also a problem with noise, which may be caused by the intrinsic behavior of JV flow. However, it can be improved easily by the measurement method. The linearity of the flow-resistance to the small field H i indicate that, once the device is calibrated, it has a high potential to measure and control high magnetic fields in Tesla range with a T accuracy.
Acknowledgment
I acknowledged to Dr. S. Ooi for the fabrications of junctions and for useful discussions, and Dr. T. Mochiku for providing us single crystals of Bi-2212.
References
Bean C.P. & Livingstone J.D. (1964) . Surface Barrier in Type-II Superconductors, Phys. Rev. Letters Vol.12, pp.14-16
